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APPLICATION FOR 
UNITED STATES LETTERS PATENT 

Be it known that I, B. Ryland Wiggs, 425 Sims Lane, Franklin, Tennessee 
37069, a citizen of the United States, have invented a new and useful "Method and 
5 Apparatus for Inhibiting Ice Accumulation in HVAC Systems." 

A portion of the disclosure of this patent document contains material that is 

t 

P subject to copyright protection. The copyright owner has no objection to the facsimile 

p 

y\ reproduction by anyone of the patent document or the patent disclosure, as it appears 

-3, \ 

y| in the Patent and Trademark office patent file or records, but otherwise reserves all 

m 

p 10 copyright rights whatsoever. 

D 

K BACKGROUND OF THE INVENTION 

ru 

The invention relates to the field of refrigerant-based heating and cooling 
systems, and to evaporative cooling systems, and more particularly to a system 
15 designed to inhibit condensation or other frozen moisture accumulation on heat 
exchange equipment or tubing, which tubing is typically finned, and which 
equipment or tubing is exposed to the air, by means of the application of a non-stick 
coating to the exterior portion of such air-exposed equipment or tubing, or finned 
tubing, or the like. 

20 
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Virtually all heating and cooling systems utilize equipment or a heat 
exchange means which periodically is exposed to air containing moisture, or water 
vapor. For example, well-known air source heat pump systems typically utilize 
exterior heat exchange units consisting of finned copper tubing, which tubing 
transports a refrigerant such as R22 or the like, with an electric fan utilized to blow 
air over the finned tubing to accelerate heat transfer from the warm air to the cold 
refrigerant fluid in the heating mode, and from the hot refrigerant fluid to the cool 
air in the cooling mode. Such a system also typically incorporates an interior air 
heat exchange unit comprised of finned copper tubing and an electric fan, a 
compressor which is used to both compress the refrigerant vapor and to circulate 
the refrigerant fluid through the system, an expansion valve, and other 
miscellaneous parts and optional apparatus, well known in the field, depending on 
the particular design. 

While copper is generally utilized for heat transfer tubing in most common 
refrigerant-based systems applications, other materials, such as titanium or the 
like, may also be utilized for heat transfer tubing, just as various other system 
components may vary. Also, in large commercial chillers, plastic tubing is commonly 
utilized to transport water for evaporative cooling purposes, which water has 
typically been heated from waste heat augmented by heat of compression from a 
refrigerant-based heat transfer system. 
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However, when typical air-source heat pump systems are operating in the 
heating mode, since the refrigerant fluid, which is being circulated into the exterior 
outdoor heat exchange unit exposed to the air, is typically below the freezing point 
of water, as the exterior air temperature approaches, or falls below, the freezing 
5 point of water, humidity in the air collects on the finned tubing and is frozen. This 
freezing humidity gradually builds up ice accumulations to the extent that it blocks 

t> j the airflow designed to pass over the finned tubing, thereby rendering the system 

D 

J] unable to acquire sufficient heat from the air to operate at design levels. 

%$ i 

M< Consequently, a defrost cycle is commonly utilized to remove the ice when the 

ill 

« 10 accumulation becomes excessive. The defrost cycle for a residential air source heat 

Q 

pump system typically lasts for about eight minutes, and actually consists of 
p operating the heat pump system in the cooling mode, so as to run hot refrigerant 

5 

fluid through the exterior finned tubing to melt the ice. As the heat pump system is 
operating in the cooling mode during the defrost cycle, heat is being taken from the 

15 interior air via the interior heat exchange unit, which heat is typically replaced via 
electric resistance heat or via a fossil fuel means. This periodic defrost cycle results 
in excessive wear and tear on the compressor, tending to shorten compressor life, as 
well as in lowered system efficiencies and higher operational costs. 

There have been many attempts to make the defrost cycle more efficient, 

20 such as using more efficient equipment designs, using stored energy to heat the 

refrigerant fluid used in the defrost cycle, and the like. However, there remains a 
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need to provide a means to eliminate the necessity for a defrost cycle in an air 
source heat pump system, and to eliminate unwanted ice accumulations, whether 
from condensation ice, freezing rain, snow, or hail, on the exterior portion of any 
refrigerant -based heat transfer system part, whether commercial or residential, 
5 resulting from an accumulation of frozen moisture. 

Similarly, in large commercial evaporative cooling chillers, which must 

jp periodically operate in below freezing temperatures, and which sometimes must 

El 

SI operate with a cooling load significantly less than called for by system design, the 

UJ 

fj water utilized for evaporative cooling on the exterior of the heat transfer tubing 

\t\ 

* 10 may freeze. Consequently, under such conditions, there is a similar need to provide 

D 

RJ an efficient means to eliminate the necessity for a costly de-icing operation. 

i z 

m SUMMARY OF THE INVENTION 

It is an object of the invention to provide a means to inhibit ice accumulations 
15 on system component areas of any refrigerant-based heat transfer system or 
evaporative cooling system where accumulated frozen moisture, such as frozen 
humidity, frozen rain, snow, or hail, would decrease system operational design 
efficiencies for any reason. One such decrease in system operational efficiencies, for 
example, would be the necessity for an air-source heat pump system to operate in a 
20 defrost mode. 
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This objective is accomplished by means of applying a non-stick coating to the 
exterior portion of any refrigerant-based or evaporative cooling based heating or 
cooling system where undesirable ice accumulation could occur. The non-stick 
coating will prevent ice from adhering to the exterior finned heat transfer tubing, or 
5 to any other air-exposed system surface areas desired. In turn, this will provide 
advantages such as eliminating the need for a defrost or a de-icing cycle, increasing 
D system operational efficiencies, and decreasing system operational costs. 

y. The non-stick coating may be composed of any substance which will inhibit or 

yy 

If! 

Lj; prevent ice from adhering to the exterior surface of the portion of the refrigerant- 

m 

* 10 based heating or cooling system desired to be protected. When applied to the 

9. 

P g exterior surface of a heat transfer area, such as the outdoor finned copper tubing on 
U an air source heat pump, the substance should be of a type that does not, or does 
not significantly, impede heat transfer in an insulating fashion. Such a non-stick 
coating may be composed of a substance such as a tetrafluoroethylene resin 
15 Teflon®, such as DuPont Teflon® PFA, having a thickness coating of about 0.003 to 
0.004 inches, or such as a fluoropolymer dip coating. Another example of such a 
non-stick coating may consist of plasma-polymerizing a fluoroethylene monomer, 
such as tetrafluoroethylene, in the presence of the desired exterior surface and 
depositing a fluoropolymer coating of about 1/10,000 inch or less on the exterior 
20 surface. Another example of such a non-stick coating may be a triazine-dithiol 
derivative, or the like. 
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While the object of the invention is to eliminate the need for a defrost cycle or 
other ice removal means from refrigerant-based heating and cooling systems and 
from evaporative cooling systems, certain non-stick coatings may tend to actually 
enhance thermal conductivity, as taught in U.S. Patent No. 5,419,135 to Wiggs. 
Although the purpose of this invention is not to teach an exterior coating method to 
improve thermal conductivity, the utilization of such a coating, which also provides 
a non-stick surface for ice, would be of some ancillary advantage and therefore non- 
stick coatings of this nature would be preferable to utilize for the purposes of this 
invention. While any particular non-stick coating applied may also inhibit the 
collection of water or other substances, such inhibition alone is of no value if the 
non-stick coating does not inhibit the accumulation of ice, which is the purpose of 
this invention. Other such appropriate non-stick coatings are well known by those 
in the industry and may continue to be developed. 

While the operation of an electric fan alone may blow away any thin film of 
humidity induced condensation ice, or other form of frozen water, which has not 
fallen by operation of gravity, from the non-stick exterior air heat exchange coils of 
a conventional air-source heat pump when operating in the heating mode in the 
winter, a problem with ice removal could still exist if the fins, for expanded air 
surface contact connected to the refrigerant conductive tubing, are too closely 
spaced or are horizontally oriented. To achieve a more reliable ice removal method, 
in conjunction with the non-stick surface coating, a fin design should be utilized 
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whereby the fins are sloped, or are spiraled, downwardly, or are in a vertical 
position such that the fins extend in a substantially parallel direction to the 
longitudinal axis of the tubes transporting the refrigerant fluid, so that gravity 
alone will pull off any ice forming on the non-stick surface. 

By applying a non-stick coating to the exterior air heat exchange unit, with 
an oversized array of downwardly or vertically sloped fins, which fins serve to 
increase the surface area exposed to the air, the electric fan on a conventional air- 
source heat pump system can be either reduced in size or eliminated on the exterior 
air heat exchange unit, thereby creating enhanced operational efficiencies. In such 
an enhanced efficiency design, the non-stick coated finned tubing in the exterior air 
heat exchange unit may be surrounded with a protective shell, which would also be 
coated with a non-stick coating, with flared openings at the top and at the bottom so 
as to create a natural vena contracta effect. Thus, as the heat is transferred into the 
exterior air in the cooling mode, since hot air rises, the natural upward flow will 
pull cooler outside air in from the bottom, thereby creating a natural air flow over 
the non-stick coated finned tubing. In the heating mode, since air from which heat 
is extracted becomes cooler and heavier, the cooled air will naturally fall and will 
pull warmer air in from the top, again creating a natural air flow. Because of this 
naturally induced air flow, the conventionally used electric fan can be either 
eliminated or reduced in size, thereby increasing system operational efficiencies. 
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The exterior non-stick coated air heat exchange unit must be sufficiently 
elevated so as to allow falling ice to accumulate underneath the unit without 
building up from below so as to hamper the heat exchange ability of the refrigerant 
system. Further, the exterior unit should be furnished with a non-stick coated 
downwardly sloped base, cone-shaped base, or the like, so falling ice will slide 
harmlessly to the side, at a sufficient distance away from the unit to avoid any 
airflow obstruction or any other decrease in system operational efficiencies. 
Additionally, the exterior unit may be equipped with an optional vibrator, which 
may be programmed to periodically vibrate the finned heat exchange tubing as 
appropriate, to further enhance the ability of the non-stick surface coating to 
remove any ice, or other frozen moisture, build-up. The electrical power required to 
periodically operate a relatively small vibrator is significantly less than the power 
required by a conventional defrost cycle. 

The exterior non-stick coated air heat exchange unit can be used with or 
without an electric fan, and with or without a protective shell. The unit can be used 
with an air-to-air heat pump system, can be used as a supplement to an open loop 
or a closed loop water-source heat pump system, can be used as a supplement to a 
direct expansion heat pump system such as those described in U.S. Patent Nos. 
5,623,986 and 5,946,928 to Wiggs, can be used in a commercial evaporative cooling 
system, or can be used in any other application apparent to those skilled in the 
trade. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

There are shown in the drawings embodiments of the invention as presently 
preferred. It should be understood, however, that the invention is not limited to the 
exemplary arrangements and instrumentalities shown in the drawings, wherein: 

Fig. 1 is a side view of a segment of a vertically finned fluid transport tubing 
with a non-stick exterior coating applied in accordance with the present invention. 

Fig. 2 is a side view of a downwardly sloped heat transfer fin. 

Fig. 3 is a top view of a downwardly sloped heat transfer fin. 

Fig. 4 is a schematic view of primarily vertically oriented, downwardly sloped 
finned, fluid transport tube, with a protective outer shell shaped to provide a vena 
contracta air flow effect, with a cone-shaped base to remove falling ice by operation 
of gravity, with an optional electric fan to enhance airflow, and with an optional 
electric vibrator to enhance the inhibition of frozen moisture accumulation, all 
covered with a non-stick coating. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A method and apparatus for inhibiting condensation ice accumulation on 
heat transfer systems, including refrigerant-based heating and cooling systems, and 
on an evaporative cooling system, according to the invention, utilizes a non-stick 
coating applied to heat exchange components and other exterior surface areas of the 
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refrigeration system where ice accumulation is not desirable because such ice 
decreases overall system operational efficiencies. Additionally, according to the 
invention, a certain design for outdoor air heat exchange means, and an optional 
vibrator, enhance the ability to eliminate condensation ice build-up. 

In one embodiment of the invention, as shown via a side view in Fig. 1, not 
drawn to scale, a heat exchange component of a heat transfer system is shown. The 
heat exchange component is a segment of fluid (such as refrigerant fluid) transport 
tubing 2 with two exterior expanded surface area heat transfer fins 3 in thermal 
contact with, and arranged in a vertical position parallel to the longitudinal axis of, 
the tubing 2, as conventionally found in refrigerant-based heating and air 
conditioning systems. An ice, or other frozen moisture, inhibiting non-stick coating 
1 is preferably applied to the exterior heat exchange surfaces of the transport 
tubing 2 and/or the heat transfer fins 3. 

Preferably, the heat exchange components are oriented to promote gravity 
flow of ice away from the component. Thus, Fig. 2 is a side view of a downwardly 
sloped heat transfer fin 4, which surrounds a fluid transport tubing 2 segment with 
a vertically oriented longitudinal axis, all coated with a non-stick coating 1 as seen 
in Fig. 1. 

Fig. 3 is a top view of a downwardly sloped heat transfer fin 4, which 
surrounds a fluid transport tubing 2 segment, all coated with a non-stick coating 1 
as seen in Fig. 1. 
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Fig. 4 is a schematic view of a primarily vertically oriented fluid transport 
tube 2, with attached surrounding and downwardly sloped heat transfer fins 4, 
shown entering and exiting a protective outer shell 5. Preferably, the shell 5 is 
shaped to promote convection air flows through the shell. Thus, in the embodiment 
of Fig. 4, a vena contracta shaped shell 5 has an outwardly flared top 6 and bottom 
portion 6\ with the protective shell 5 supported and elevated by legs 7. A cone- 
shaped base 8, with a wall that slopes downwardly and outwardly, is centered 
under the protective outer shell 5, with an optional electric fan 9 to enhance heat 
transfer and ice removal, and with an optional vibrator 10 attached to at least one 
of the fluid transport tubes 2, with all exterior components coated with a non-stick 
coating 1 (not shown). As shown in Fig. 4, the base 8 and shell 5 are shaped to direct 
falling ice accumulations outwardly so as not to inhibit air flow through the system. 
Preferably, the exposed surfaces of the fan 9 and vibrator 10 are coated with a no- 
stick material as well. 

The non-stick coating may be composed of any substance which will inhibit or 
prevent ice from adhering to the exterior surface of the portion of the refrigerant- 
based heating or cooling system desired to be protected. When applied to the 
exterior surface of a heat transfer area, such as the outdoor finned copper tubing on 
an air source heat pump, the substance should be of a type that does not, or does 
not significantly, impede heat transfer in an insulating fashion. Such a non-stick 

coating may be composed of a substance such as a tetrafluoroethylene resin (PTFE) 
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Teflon©, such as DuPont Teflon® PFA, having a thickness coating of about 0.003 to 
0.004 inches, or such as a fluroropolymer dip coating. Another example of such a 
non-stick coating may consist of plasma-polymerizing a fluoroethylene monomer, 
such as tetrafluoroethylene, in the presence of the desired exterior surface and 
depositing a fluoropolymer coating of about 1/10,000 inch or less on the exterior 
surface. Another example of such a non-stick coating may be a triazine-dithiol 
derivative, or the like. 

In one embodiment of the system, a heat exchange component provided with 
a non-stick coating as described herein is incorporated into a direct expansion 
geothermal heat exchange system. Such systems are known in the art and are 
shown, for example, in U.S. Patent No.'s 5,623,986 and 5,946,928, both issued to 
Wiggs, the disclosures of which are incorporated herein in their entirety. For 
example, a heat exchange system as shown in Fig. 4 can be incorporated into the 
direct expansion geothermal heat exchange system at a point just before the 
refrigerant enters the subterranean heat exchanger. 

Thus, although there have been described particular embodiments of the 
present invention of a new and useful Method and Apparatus for Inhibiting Ice 
Accumulation in HVAC Systems, it is not intended that such references be construed 
as limitations upon the scope of this invention except as set forth in the following 
claims. 
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